Abstract -The objective of this work was to evaluate the influence of pasture composition and regrowth age on the relationship between feeding behavior and ruminal fermentation in dairy cows grazing perennial ryegrass with or without white clover. The experiment was carried out in a 2x2 factorial arrangement, with two sward types and two ages of regrowth. Swards of perennial ryegrass sown alone (PRG) and of perennial ryegrass mixed with white clover (GC) were evaluated. Twelve late-lactation Holstein cows, fistulated at the rumen, were distributed in a 4x4 latin square experimental design with four 12-day periods. Daily distribution of grazing was similar in the PRG and the GC swards, but the concentration of rumen volatile fatty acids (VFA) was higher and the proportion of propionate was lower on mixed swards during the day. Daily distribution of grazing was similar in pastures of different ages. However, in the oldest swards, rumen fluid pH increased and VFA concentration decreased after evening milking. Time spent grazing does not influence ruminal fermentation, which depends on the changes that occur as different sward layers are grazed.
Introduction
Grazing studies have shown that the milk yield of cows grazing mixed swards of ryegrass (Lolium perenne L.) and white clover (Trifolium repens L.) could be increased by 15 to 25%, when compared with pure perennial ryegrass swards (Peyraud et al., 2009; Steinshamn, 2010) . This enhanced performance is related to the increase of intake rather than to the nutritive value of the mixed swards (Ribeiro Filho et al., 2003; Dewhurst et al., 2009 ).
Higher herbage intake on mixed swards than on pure grass swards can be a result of a higher voluntary intake of clover in comparison to pure grasses (Institut National de la Recherche Agronomique, 2007) , but also of a better prehensibility of the defoliated strata (Baumont et al., 2004) . For the grazing cow, mixed swards could be more prehensible than grass swards, because the stolons of clover, contrary to the stem and the pseudostem of grasses, remain close to the ground, in the inaccessible and ungrazed layer (Orr et al., 2004) . Therefore, the ingestive behavior at these swards, in a strip-grazing management, can be different from the one in rotational or continuous grazing, since the sward characteristics change more rapidly during the day.
Changes in ingestive behavior with a reduction in sward height have been associated to short-term adaptations, such as bite mass and intake rate reductions (Gregorini et al., 2009) . In pure legume swards, higher intake rates may be related to differences in the morphological composition of the defoliated strata, when compared to ryegrass swards (Chapman et al., 2007) . On mature swards, bite mass is affected by the presence of "barrier" components in the swards, including stems and dead material (Drescher et al., 2006) . At long-term, Williams et al. (2005) compared the pattern of ingestive behavior of cows grazing Persian clover-or perennial ryegrass-dominant swards. However, information on the daily pattern of grazing at long-term and on the changes in ruminal fermentation characteristics of cows grazing mixed swards is limited.
The objective of this work was to evaluate the influence of pasture composition and regrowth age on the relationship between feeding behavior and ruminal fermentation in dairy cows grazing perennial ryegrass with or without white clover.
Materials and Methods
The experiment was carried out at the experimental farm of the Institut National de la Recherche Agronomique at Méjusseaume, near Rennes, Brittany, France, in a 4x4 balanced latin square experimental design , with four 12-day periods, in a 2x2 factorial arrangement, two types of swards and two ages of regrowth. The sward types evaluated were pure perennial ryegrass (PRG) and a mixture of perennial ryegrass and white clover (GC). The regrowth ages assessed were 19 and 35 days. Each experimental period comprised seven days for cow adaptation and five days for measurements.
Twelve late-lactation Holstein cows fistulated at rumen were evaluated, including four primiparous. The animals were divided into four homogeneous groups according to milk yield (24.5±3.0 kg), stage of lactation (218±18 days), milk protein content (30.9±1.5 g kg -1 ), and milk fat content (37.4±5.6 g kg -1 ), measured in the pre-experimental period. The initial live weight was 609±51 kg.
One half of the 4.0-ha plot used in the experiment was sown with perennial ryegrass (Ohio cultivar) and the other half with a mixture of white clover and perennial ryegrass (Alice and Ohio cultivars, respectively). Before the beginning of the trial, non-experimental heifers grazed the entire plot, with a residual plate meter height of 4.0 cm. The plot was then divided into 16 paddocks, one per type of sward, age, and period. Each paddock was grazed for one period only. According to the treatment, the paddocks were mown either 19 or 35 days before the tenth day of each period, corresponding to the average day for measuring foraging behavior and ruminal fermentation. Pre-experimental N fertilization was applied as follows. In late winter, after the first grazing with non-experimental heifers, 40 kg ha -1 of N, as ammonium sulfate, were applied over the entire plot (PRG and GC swards) to increase pasture growth rate. After that, 60 kg ha -1 of N were applied only on the PRG paddocks, immediately after each pre-experimental mowing. The GC paddocks received no further N fertilization, since the N supplied by clover nitrogen fixation is considered sufficient. Four groups of cows were allowed to strip-graze throughout the trial, with an herbage allowance of 12 kg dry matter per cow per day at 5.0 cm above ground level, independently of the treatment. The grazing area offered each day for each group was calculated daily according to herbage mass estimation and to sward height and bulk density. Sward height was measured daily with a rising plate meter, and bulk density was measured three times per period. The front fencing was moved once per day in the morning, and the back fencing after a time lag of one day. Cows were milked twice a day at 7h30 and at 17h30. Water was continually available, and a mineral block was available.
The daily pattern of grazing and ruminating was measured automatically over a 24-hour period, by recording jaw movements with a portable device. The 12 cows evaluated were equipped simultaneously for five consecutive days, starting at the eighth day, in order to obtain at least three complete recordings per period and cow.
Ruminal fermentations were monitored by measuring the pH as well as the concentrations of ammonia and volatile fatty acids (VFA) in rumen fluid. Ruminal fluid was sampled at 7h30, 11h, 14h30, 17h30, 21h30, and 0h. At each sampling, 50 mL of rumen fluid were drawn out through the cannula. The pH was immediately measured, and then the rumen fluid was filtered through six thicknesses of the muslin. For each cow, the filtrate was subsampled for the analysis of ammonia (4.0 mL in 4.0 mL of 20% NaCl preservative) and VFA (8.0 mL in 0.8 mL of a preservative made up of HgCl 2 1% w v -1 in H 3 PO 4 5% v v -1 ). These samples were preserved at -20 o C until analysis. Ammonia and VFA were analyzed by the colorimetric and gas chromatography techniques, respectively.
Differences between treatments and sampling times were analyzed using the SAS software (Littell et al., 1998) . Variables were analyzed as individual values by taking into account the following factors: cow, period, sward type, regrowth age, interaction between sward type and regrowth age, sampling time, interaction between grazing time and regrowth age, interaction between time and sward type, and interaction between time, regrowth age and sward type. Analyses were performed as repeated measurements. Period, sward type, and regrowth age were considered as fixed variables, whereas cow was considered as a random variable. Means were compared by the Student's t-test.
Results and Discussion
Sward type and regrowth age effects were additive for the pattern of foraging behavior and ruminal fermentation (interaction between sward type, regrowth age and time of day: p>0.10).
The daily distribution of grazing and ruminating activity was similar between sward types (Figure 1 ). However, after morning milking, grazing time was shorter and ruminating time was longer on the GC swards in comparison to the PRG swards (interaction between sward type and time of day: p<0.001). After evening milking, grazing time was longer on the GC swards than on the PRG swards.
Despite a similar pattern of grazing behavior, ruminal VFA concentration was higher on the GC swards than on the PRG swards during the day (Figure 2 ). This result shows that under strip-grazing management the time spent grazing is a poor indicator of the intensity of ruminal fermentation, which could be associated to sward structural traits and to their effects on the intake rate (Baumont et al., 2004) and the chemical composition of herbage (Noziere et al., 2011) . Under rotational stocking, the influence of sward height and of the leaf/stem ratio on bite mass is more highly correlated with green leaf mass than with sward surface height or total herbage mass (Gregorini et al., 2009) . Likewise, the intake rate declines progressively as leaves are removed, and the pseudostem corresponds to a greater proportion of the ingested material (Drescher et al., 2006) . In the present work, the height of extended tillers at post-grazing was similar between swards types, but the percentage of green leaf mass under 8.0 cm was higher in the GC swards than in the PRG swards.
There was no significant interaction between sward type and time of day (p>0.10) for rumen fluid pH and VFA. However, the proportion of propionate (p<0.001), the proportion of acetate (p<0.001), and the lipogenic and glucogenic VFA ratio (acetate + butyrate: propionate; p<0.001) differed between the PRG and the GC swards during the day (Figure 2 ). Diurnal grazing and ruminating patterns of cows grazing perennial ryegrass alone (•) or a mixture of perennial ryegrass and white clover (○); for each time of day *, **, and ***Significant at 5, 1, and 0.1% probability, respectively, by the Student's t-test.
In both sward types, rumen fluid pH decreased and VFA increased between morning and evening milking. Molar proportions of propionate increased more intensively in the PRG swards after morning milking and remained higher than 21% at night. For the GC swards, the molar proportion of propionate was lower than 21% during the day. Therefore, during the day, the acetate + butyrate: propionate ratio was lower in the PRG swards than in the GC swards.
In both sward types, the decrease in rumen fluid pH and the increase on VFA started during the first morning grazing bout. In contrast, rumen fluid pH increased and VFA decreased at night, when the rumination time by hour was higher than the grazing time by hour. A similar ingestive behavior pattern was observed by Williams et al. (2005) with cows grazing Persian clover-or perennial ryegrass-dominant swards. According to these authors, this may be explained by Figure 2 . Diurnal ruminal fermentation patterns of cows grazing perennial ryegrass alone (•) or a mixture of perennial ryegrass and white clover (○); for each time of day *, **, and *** Significant at 5, 1, and 0.1% probability, respectively, by the Student's t-test. C2, acetate; C3, propionate; C4, butyrate.
shifts in the balance between the rate of VFA production from ingested material, the rate of absorption of VFA, and the influence of the buffering effect of saliva. Additionally, absorption rates of VFA across the rumen wall may have been increased at night due to a lower rumen fluid volume, resulting in a higher effective surface area for absorption (Dijkstra et al., 1993) . Small increases in the VFA pool immediately after the beginning of grazing are expected due to a low efficiency of chewing during eating (Boudon et al., 2006; Acosta et al., 2007) . Ingestive chewing is one of the main reasons to release soluble nutrients from feeds (Chilibroste et al., 2007) .
The lower lipogenic to glycogenic VFA ratio in cows grazing PRG swards was primarily due to a higher proportion of propionic acid. This result shows that ruminal propionate production is clearly associated to high water-soluble carbohydrate contents on grass swards, despite the higher herbage intake and VFA concentration on mixed swards. Similar results have been observed in perennial ryegrass and white clover at grazing experiments (Beever et al., 1986) , and substrate has played a major role on fermentation end products (Noziere et al., 2011) .
The daily pattern of NH 3 concentration was different (interaction between sward type and time of day: p<0.001) between the PRG and the GC swards (Figure 2) . After morning milking, NH 3 concentration increased in cows grazing both sward types, but in the afternoon NH 3 decreased more intensively in cows grazing the PRG swards. After evening milking, NH 3 was higher in the GC swards, probably because the crude protein (CP) concentration of the offered herbage was higher on the mixed swards than on the PRG swards (176 vs 159 g kg -1 ). Moreover, the CP content probably declined more intensively in ryegrass alone than on mixed swards with sward depletion. In perennial ryegrass swards, Delagarde et al. (2000) observed that CP decreased with sward depletion, due to the decline in the proportion of leaf and green leaf during the day in a strip-grazing management. However, no similar experiments have been conducted with mixed swards.
Cows grazing young and old swards had a similar daily grazing distribution (Figure 3) . However, cows grazing swards with longer regrowth spent more time grazing after morning milking in comparison to cows that grazed swards with shorter regrowth (p<0.01). Cows grazing the youngest swards spent more time grazing in the afternoon and in the evening. The daily pattern of rumination was similar between regrowth ages, but rumination time was higher on cows grazing oldest swards in the afternoon and at night.
The loss of motivation to graze at evening on the oldest swards could indicate a higher level of depletion (0.69 vs 0.54) and a lower intake rate than on the youngest swards. According to Delagarde et al. (2001) , the intake of grazing dairy cows is strongly correlated with the proportion of the defoliated sward height. Orr et al. (2004) observed reductions on bite mass and intake rate with sward height reduction. Bite mass on mature swards is also affected by the presence of "barrier" components in the swards, such as stems and dead material (Drescher et al., 2006) . In the present study, live sheath and stem were 8.5% higher on the youngest swards. Cows grazing young and old swards had a different daily pattern of ruminal fermentation, except for NH 3 concentration (Figure 4) . In young swards, rumen fluid pH decreased and total VFA concentrations increased from the first milking (7h30) until 0h, whereas in old swards rumen fluid pH increased and total VFA concentration decreased after evening milking (17h30).
The increase in rumen fluid pH and the reduction in VFA concentration on the oldest swards, after the second milking, was clearly a function of the lower intensity of ruminal fermentation, independently of the time spent grazing, which was not much higher in the youngest swards. This reduction could be associated to a lower intake rate (Gregorini et al., 2009) and to a lower proportion of green leaf at the end of the paddock in the oldest swards. These data are in agreement with Williams et al. (2005) , who concluded that the lower rumen fluid pH level observed was a function of the higher intake rate of cows grazing at high herbage allowance. In the present study, swards were compared with similar herbage allowance at 5.0 cm above ground level, but oldest swards had a much higher pre-grazing herbage mass and, consequently, a lower herbage allowance to ground level. ; for each time of day *, **, and ***Significant at 5, 1, and 0.1% probability, respectively, by the Student's t-test. C2, acetate; C3, propionate; C4, butyrate.
Ruminal NH 3 concentration increased after morning milking, but decreased in the afternoon and at night in cows grazing swards of different ages. However, the oldest swards resulted in lower ruminal NH 3 concentration at all sampling times. The higher NH 3 concentration in cows grazing youngest swards, during the day, could be a result of the higher CP concentration in all layers. The CP content of the offered herbage was much higher (+41 g kg -1 ) in the young regrowth than in the old regrowth.
Despite the greater time spent grazing on the GC and the youngest swards after evening milking, differences in ruminal pH and VFA concentration were more evidenced between the oldest and the youngest swards than between the GC and the PRG swards. These results show that white clover inclusion was not enough to avoid decreases in ruminal fermentation when cows grazed lower layers in older swards. In fact, the daily pattern of ruminal fermentation has not been associated to time spent grazing, probably due to differences in intake rate (Orr et al., 2004) and herbage nutritive value (Delagarde et al., 2000) .
The greater motivation to graze early in the morning in the GC and the youngest swards, when cows entered a new paddock, seems to be associated to hunger factors, despite the similar daily grazing time. The short-term control of feed behavior is dependent of satiety signals, mainly those related to rumen fill and VFA concentration as an additive effect (Faverdin et al., 1995) . In the present study, the VFA concentration was higher (p<0.001) in cows grazing the GC and the youngest swards than in those grazing the PRG and the oldest swards during the day. Orr et al. (2004) observed that intake rate and bite mass were relatively higher when heifers were first introduced into new paddocks, with tall and leafy swards, due to the fact that they were hungry after being moved from the previous depleted swards.
Conclusions
1. Time spent grazing is not associated with the intensity of ruminal fermentation.
2. The pattern of ruminal fermentation clearly depends on the changes that occur as different sward layers are grazed.
3. Substrate type has a great impact on the lipogenic to glucogenic VFA ratio, which can change with sward type and age regrowth.
